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Description 

BBfiBBPUBl Of TO If™ 1 ) 

(0001] The invention relates to a detormabie tub©. * 
[0002] I is known from US patent specifications No*. 
3,353,599 and 5.014,779 to insert a corrugated too 
into the wefbort of an underground borehole and to 
expand the tut* ctownhorfc into a tubular shape. 
[0003] US patent specfficaljcn No. 5.366.012 dcv- ro 
doses the expansion of a slotted pipe of which the stots 
open up as a restit of the expansion so as to reduce the 
ncSaJ forces needed to e*p*nd the pipe. 
[0004] The use of slotted or Inffiaiy corrugated pipes 
has the dfeadvantago twt the expanded pipes hove a i* 
tirnted mechanical strength. 
[0005] Internsttorialpalafrtar^acalkw 
WO 9800626 cSscfoses the expansion of an unstotted 
cyfindncal ppe by means of an expansion mandrel. 
[0006] Acisaovamage of the latter expansion method to 
is toat forces to expand toe pipe are relatively Ngh and 
that the pipe oontracts as a result of the axpenacn proc- 
ess. 

[0007] It is an object of the present invenfion to aUe* 
ate the disadvantages of the known techniques and to zs 
provide a robust and deformabte tube which can be 
expanded or otherwise deformed by using a relatively 
low defor ma tion force. 

Summary Pi the Invention x 

[0006] The detormatxe tuba according to the Invention 
thereto comprises a wal which is at least party formed 
by a number of tubules, wherein at (east one tubule is at 
least partly deformed in response to deformation of the 



[0009] The deformsrion may rworve flattening or o<her 
change of the tubular shape of the tubufes, which 
requires principally bending forces which are signifi- 
cantly tower than tha tension forces that are required to «o 
expand a tubular c^Ondrical pipe. 
[0010] It may be required to obtain a tube which can 
be deformed easily in an axial or in a radial Direction or 
in both directions. A raolaflydefonraUe tube is useful if 
the tube is for example to be used as an oi and/or gas 49 
production tubing which Is to be Inserted Irao a reiallvery 
narrow and Irreguleriy shaped underground welbore. 
An axiafly oeformabie tube is useful if the tube is a pro- 
duction fcier or tubing, a weJ castog or other well tubular 
which te Installed In e compacting reservoir where there so 
is a risk of bucking of the weJ tubulars as a result of the 

[0011] HaracSaitydeformeWe tube is required His pre- 
ferred that the wail of toe tube is at least partly formed 

a series of ajriai tubules whkii each as 
tion substantially parallel to a tor^gitodtoal ana of the 
tube such that upon a radU derormationoftoetobethe 
axial tubules are at least partly deformed. 



[0012] H an axiafty deforrnaWe tube is required ft is 
preferred that the wall of the tube is at least partly 
formed by a series of toroidal tubules which extend in a 
eubctantiarty drciiar Erection around a kxTortuclnal axis 
of the tube such that upon axial deforTnabon of Ihe tube 
the torodaJ tubules ere at least partly flattened or other- 
wise deformed. 

[0013] If a tube is required which is both axiafly and 
racSafly deformabte. it is preferred that the wal of toe 
tube is at least partly formed by one or more helical 
tubules wtich extend in a substantia^ helical direction 
with respect to a longitucinaJ axis of the kjbe such that 
upon deformation of the tube tn a direction which is ori- 
ented at an angle relative to a tongituolneJ direction of 
each of toe helical tubules, at least one of tie helical 
tubUes is deformed 

[0014] The tubulee may be made of a metal, plastic, 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to adjacent tubules or 
other parts of toe wall of the tube* 
[0015] The tubules may before expansion have a 
folded, cyfndricai, efipticaJ or prismatic Bhepe and may 
as a result of the expansion be unfolded or flattened into 
an efipocaJ. cy&vJricaJ or prismatic shapeL 
[0016] Suitably, the tubules contain at the outer 
periphery of the tobe openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space surrounding the tube. 
[0017] In that case tha fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
ponents of a 6quid cement slurry or rxrrponent s of a 
curing agent which components are only nixed when 
or after they have been squeezed out of the tubules. 



[00181 The Invention wtt be described In more detail 
and by way of example with reference to the accompa- 
nying drawings, in which 

Rg. 1 is a cross-axial sectional view of a lube both 
before and after expansion, which tube has a war! 
that is made of a series of axial tubules which are 



Rg.2 isaac«sHudalsectk)nalviewof a tube both 
before and after expansion, which tube has a wall 
that comprises a series of axtaJ tubules which are 
prismatic before expansion and elliptical after 



Rg. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wall 
that is made of a series of axial tubules wrfch are 
W^ticaJ both before and after expansion; 
Rg. 4 is a cross-axial sectional view of a tube 
before expansion where the wafl of the tube conv 
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prises a series of axial tubutes and to tube is 
folded into a substantially fiat shape before ft is 
unfolded and expanded; 

Rg. 5 e a bngrtucinaJ sectional view of a lube 
which comprises a wal that is made of a series of 
toroidal tubules; 

Fig. 6 is an enlarged dotal showing the cylndrkaf 
shape of three of the toroidal tUaJee that ere endf- 
dedinRg.5; 

Fig. 7 is a longitudinal sectional view of the tube of 

Fig. 5 after axial compression of the tube; 

Fig. 8 is an enlarged detal showing the efl'trtcal 

5h^oftrrMof1hekxo^tiJbulMthaiar»aodr- 

dedtnRg.7; 

Fig. 9 is a crose-axial sectional view of a radially 
expandable tobe c omp risi ng six axial or heficeJ 
tubules both before and after expansion of tfietube; 
Fig. 10 Is a crocsaxte) sectional view of an unex- 
panded tube of which he wal compos ess series of 
folded tubules which untokJ into a cyfrirtrfcal shape 
durhg the process of expanding me tube; 
Fig. 11 is a cross-axial sectorial view of another 
irwxpanded tube cortfiourafion where the wafl com- 
prises a series of folded tubes which unfold into a 
cyttndricai shape during the process of expanding 
the tube; and 

Fig. 12 is a cross-axial sectional view of an unex- 
panded tube which folds open during the expansion 
process and which comprises a tubule which ads 
as a plastic hinge and which is flattened as a result 
of the expansion process. 

Mated dwgjpfionrf tho kraotigQ 

|0019] Referring now to F^1 there is sfiown a tutel 
in a cytrtxIcaJ weSbore or other cavity 2, which tube 1 
has a wal that is made up of a series of axial iixies3 
which are substantially cylindrical before expansion of 
the tube 1 and eJ rs*ica] after expansion of the tube 1 to 
an enlarged cSameter. as ilusftated by reference 
numeral 3a 

10020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hydraulic 
pressure in tie interior 4 of the fcjtoe 1. As a result of the 
expansion process the tubutes 3 are subject to a bend- 
big process so that relatively low farces are required. 
[0021] If the tubuloG 3 am made of steel or another 
metal ttien I is preferred fiat the tubules 3 era sintered, 
wonea or crazed togemer ejong me lengm w e>e areas 
5 where the tubules 3 touch each other. 
[0022] If thetubiies 3 have an impermeabie wal and 
the tube 1 * used ternponuity in the cavity Z tor exam- 
pie to pro/ide a temporary *e«i, then the tube 1 can be 
radially contracted again by pumping a high pressure 
fluid into the interiors 6 of the tubules 3. which w9 
induce the flattened tubUes 3B to resume their tubular 
shape, so that the tube 1 radiaJ shrinks and can be eas- 
ity removed from the cavity 2. 



(0023] If the tU>e 1 is to be used permanency in the 
cavity 2. lor example if the tube 1 is to be used as a well 
casing, then at least some of tfie tubules 3 may be fled 
with Bquid components of a cement slurry or other cur- 

9 hg agent such as a silicone gel end tie outer wall of 
these tubules may contain openings 7. or weak spots 
which are opened as a resuh of the expansion process, 
via which said Raid components are scyjeexed Into the 
surrouncfing annular space 8 surraxxwig fce expanded 

10 tube 1 and the Squid components mix up and cure to a 
hardened cement siicone or other cured sealing com- 
position. 

[0024] Ra 2 lustretes an aftemative embodiment of 
the detormabie tube according to the invention. This 
is tube 9 is also radially detormetie and comprise* a 
series of tubutes 10 which are prismatic before expan- 
sion and eJqptica) alter expansion, as ■ustratedbyrefer- 
ance numeral tOB. 

9)025] The kxxies 10 are arranged sixxrtarxiaay par- 
fo eWtothelongfojdiratf axisll at tie centre of the tube 
9. The tubules 10 are made of steel or another metal 
and art connected to each other by tonghucftial welded.' 
brazed or sintered bonds 1 1 . 
[0026] Fig. 3 shows yet another erntxxxment of the 
25 detormabie tube according to the Invention In which the 
tube 12 is rac^deformaWe and comprises a serieaof 
tubutes 13 wtichare ettptk^ before widwhtt 
efpbcai. almost flattened shape after radial expansion 
of the tube 12. 

so [0027] In this errxxxtmem the tubules 13 deform from 
a first eOotical shape, illustrated by reference numeral 
13A m which the largest width of tie efipticaJ tubules 
13A has a racial onerxatioo too a second etapCcsj 
shape, iluctratad by reference numeral 13B in which tha 

as tafgeslw^oftheelip6c*JkxxJ»e13AheaatBtx^ 

4l_J ,i.t„,. lull,,.. 

oa onereaDon. 

10028] Referring now to Fig. 4 there ie shown a 
detormabie tube 14 which comprisea a series of axial 
tubutes 15, wherein two pars of tubules at opposite 

40 sides of the tube 14 are rrterconnectad by plastic 
hinges 16. These plastic hinges 15 alow tiie tube 14 to 
be stored and transported in a flattened shape eg. 
around a reeling oVum (not shown). 
[0029] When t>e tube 14 is tivan unreeled from the 

45 reefing drum it can be brought into a cylndrical shape 
by a guide funnel (not shown). I the lube 1 4 to to be 
used teJde a wel or inside another tiaJarlhacylndrl- 
cat tube His then reeled htothe weflbore or tw interior 
of fce other tubular and expanded for example by purnp- 

50 Ing a high pressure fluid into the Interior 17 of the tube 
14. 

(00301 The inrfeHy flattened tube configuration shown 
in Fig. 4 aOows an easy storage and transport of the 
tube 14, ag. on a small cSameter reefing drum, during 
55 toe manufacturing staye and during transport from the 
manufacturings^ to the site where the tube 14 is to be 
used. 

[0031] Rgures5,6,7and8showyelanotoerentxxJ- 
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iment o< the defonnebie tube according to the invention 
in which the tubules 18A. B have a toroidal shape in 
order to mate the tobe 19 axlaly oeformable. 
[0032] The tube 19 shown in Fig. 5 can be a produc- 
tion finer in a compacting oil or gas bearing formation, 
where as shown In detail In Ho. 6 the toroidal tubules 
18A have a substantially cyflncVteefsr^^ 
uration shown in Rg, 7 the tube 19 has anafly con- 
tracted so that its length is 18% shorter than its original 
length shown in Fig. 5. 

[0033) As a result of tie arid contraction of the Um 

19 the tubules 188 shown in Rg. 7 havo been deformed 
into an eliptical shape, as is shown in more detail in Rg. 
8. 

[0034] Referring now to fig.t ttere is shown a lube 

20 which is expended within a wefbore 21 or other cav- 
ity. 

(0035} The tube 20 has a wail that comprises six 
tubules 23. 24. 25. 2* 27 and 28 which extend in an 
axial or helical oorfigurstcn relative to the longrhjcSnal 
axis 29 of the tube 20. 

[0038} AJjacenl tubules 23. 24. 25, 28, 27 and 28 are 
interconnected along their length by elongate welds 32. 
Plastic hinges 22 are located in the wafts of the tubules 
2W8 at bo* sides of each weJd 32. 
[00371 The unexpended tube 20 is shown at the cen- 
tre of the drawing. The six unexpended tubules 23-28 
Mchr^thefomidapiesectorarrionfyam^gfp 

30 Is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped Wo 
the gaps 30 which wi induce the tube 20 to expand until 
the wafts of the tubules 23-28 are stretched andterthe 
outer wails of the tutxies 238-288 are pressed against 
thewett)ore21. 

[00361 The volume strident lube configuration shown 
in Fk> 9 is attractive I fie else 20 Is to be inserted Into 
the weebore 21 via a narrow excess, such aa a small 
diameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23*28 Is relath/ety 
large whereas the internal volume of fie expanded 
tubules 238-288 is relatively small so that H thews* at 
the outer drcurnference of tie tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meable a relatively large volume of fluids is squeezed 
from the interior of the tubules 23-28 into the surround- 
, InganrxiiisancUortorTTvaion. 
[0039] lntH5weysrelat^l«^vclumoc4ssea^ 
agent and/br treatment fUd can be injected into the 
annul us sunounctng the tube 20 anoVbr the forrnation 

31 surrounding the weabors 21; 

[0040] The axtemafly permeable tube 20 is very suit- 
able to inject treatment fluids into an underground for- 
mation 31 which comprises along the Sengtt of the 
wefcore 21 layers of varying permeabfty. N the outer 
walsof the tubules 23-28 have asigr«cs^lowerfWd 
permeabBfty than the surrounding formation 27, then, 
as soon as tie outer watt of the tubules 22B-26B b 
pressed against the wellborn 21. a relatively constant 



flux of treatment fluid w» be squeezed Into the various 
surrounding formafion layers so trtf tors* of injection 
of freetment ftjtd mainly into the permeable formafion 
layers end by-passing of less permeable layers Is mini- 
s mized. 

[0041] W tf>« tube 20 is used as • treatment fluid Infec- 
ton tod then the outer wafts of the tubules 23-28 may 
be made of a pemwable rubber ancVor a fabric and the 
inner wads of the tubules 23-28 which face tie interior 
to 30 of the tube 30 may be made of en inpermeable rub- 
ber. AfUxlnjedkxi erf the tree^ 
the Manor 30 of the tube 20 may be reduced so that the 
tube 20 radially contracts and can be removed from the 
borehole 

16 [0042] Instead tfalowir* the lute 

fluids have been injected into the formation the tLt>e 20 
may be allowed to harden in the expanded position 
against the woflbors 21 by ir rprs gn at lraj the tatxte or 
other rnatsriaJ with a Uowty curing epoxy or other photic 

jo ccfflposMon. so that the sofriTied tube 20 then serves 
as a well finer. 

[0043) The tube 20 and tie tube ccrfguraJtons shown 
in Rgs. 1-4 may also have walls that are made of a sieve 
motwiaJ. \n that cas« the tube may be expended by an 
25 expansion cone or by a battoon that fe inflated in the 
interior of the tube, 

[0044] Since the sieve material that then forms the 
walls of tubules Is maWy bent and not or hardly 
stretched the sieve opening size wU remain fairly con- 

90 slant during the expansion process. Tha expanded U>e 
of sieve materia) then serves as a titer that prevents 
sand and other soQd materials to enterthe weflbore 21. 
[0045] The racOaly expandable tube 20 and the other 
radisfly expandable tube ccrtlguratfons shown in Figs. 

as l^rrteyaisobemajde of tubulM 23-28 wfsc^ 

of a fW trpenneetie material, such as steel which 
onry deforms if the pressure in tr»irxsrior30ofthek*)e 
exceeds a preset level In that case the tube may be 
instated as a production tubing which serves as a 

40 downhoie btaw-oirt preventer which expands and sealc 
of the anrajfos surrounding the production tubing if a 
blow-out occurs. The radia&y expandable tube configu- 
ration shown in Rg. 9 can also be used as a dril string. 
In that case drilBngrnud is purrped through the irterior 

45 of the tubules 23A-2BA during oriling. At the end of a 
driffing cycle high pressure fluid Is Irgected Into tie Inte- 
rior 30 of the tube 20 so tiat the tube 20 Is expanded 
against the borehole wall 21 and forms a Ining of the 
weJfcKxea/ilthecWWaiidctownh 

59 is puted to the surface by a wireline or coded tubing 
passing through tho interior 30 of the tube 20 and also 
serves as an expansion cone. 
fD046] N only minor expansion of the tube Is required 
tienthe watt of the tube may be provided wfth only one 

as or a taw axial or heficai tutxies. 

[0047] W the wals of the tube 20 or t>e other radaJty 
expandable ooralguravona are made of a rubber or 
other elastkafly deformable material then the expanded 
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tube may serve as a high expansion pecker or bridge 
(** 

[0048] h wiN be imderetood thai 9 the tubules are or^ 
errted in an axiaJ or action a racially deformade tube wi 
be obtained- If the tubules are orwrted in a ctrcumfererh 
ttal ctrectton at shown m Figs. 5-6 then an axialty 
deformabie tube wiR be obtained. 
[0049] H tubules are ooented in a helical direction 
the tube will be oeformabte both in axaJ and motel 
directions and the pitch angle of the heical configura- 
tion of tie tofaufes wD then infUence the degree In 
which the tube is axiafly or radially ofctormabte. 
[0060] Rg. 10thowsaconfigunrtonwtieraatube40 
cornprbea a wall that consists of a series of axial totfa- 
t*eUjules4i. 

[0091] If the tubules 41 are made of steel then they 
are Warcomectad side by side along their length by 
■rial wetds 42. Each Uxie 41 comprises at tie outer 
d r aa nf are nc e of fie tobo 40 a single plastic hinge 43 
and at the inner circumfer e n ce of tie tube 40 a set of 
four plastic hinges 44. 45, 46 and 47. Each of those 
plastic hinges 43-47 a» formed by machining an axial 
groove in the inner and/or outer surface of tie wall of the 
tubule 41. 

[0062] The set of tour plastic hinges 44-47 defines a 
wafl segment where tie tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 46 that 
faces the Interior 49 of the tube 40. 
(0053] The tube 40 is expanded by purrpng a pressu- 
rized fluid into the interiors 50 of the tubules 41 which 
causes the tubules to untold by Nngjraj about the plastic 
hinges 4347 so that the tubules 41 each obtain a cylin- 
drical shape (not shewn). 

(0054] Asaresurtofttieuntolo%igofthetubules41ths 
tube 40 obtain* a larger external end internal demeter. 
(0065] Fig. 11 shows another tube 61 which com- 
prises a wafl that consists of a series of axiai Odette 
tubules 52. 

(0056) If the tubutes 52 are made of steel then they 
are interconnected side by side along their length by 
asal welds 53. Each tubule 52 comprises both at the 
outer and the iriner circumference of the tube 51 a set of 
tour plastic hinges 54 that are formed by machining 
a»af grooves in the inner anchor outer surface of the 
wal of each tubUa 52. 

(0057) Each set ctftourrjlastfchtooes 54 defines a wal 
segment where the tubules 52 can be ItWedlnwsrdiyto 
form a U- or delta-shaped recess 55 tut faces either 
tie exterior 56 or the interior 57 of tie tube 51 . 
(0058] Tha tube 51 te expanded by purrping a pressu- 
rized fluid into the interiors 58 of the tubules 51 which 
causes the tubules 52 to untold by hinging ribout the 
plasfc h^es54sothatmettJfxjlftaeachc<?tainecy^ 
drieal shape (not shown). 

(0059) AsareeuftoftheunfoWiogofthe tubules the 
tube 51 obtains a larger external and internal cfameter. 
(0060] Fig. 12 shows a lettable tube 60 which com- 
prises at Hs lower side a single plastic hinge that is 



formed by an axiai fcixie 61 and at Hs upper side a set 
of tour plastic hinges 62 that are forrried by mechWng 
axial grooves in the outer or inner surface of the wafl of 
tie tube 60. 

5 (0061) The four plastic hinges 62 define a detta- 
shaped recess 63 st the upper side of the tube GO, when 
tie tube Is In Its folded shape. 
(0062) Trie tube 60 is unfolded by purnping a p^ 
rued fhid into the interior 64 of the tube 60. This causes 

to the tube to unfold in the direction of the arrows into the 
cylindrical shape which Is Iflucfrated ly the broken ines 
60A The tubule 61 then acts as a ptasfe range and 
obtains as a result of the unfolding of the tube 60 tie 
e«ptJc8J shape which la BhJStrrtedbybrc4«nlnes61A. 

is (006|] The tubule 61 iemedeof a piastcaftydetorm- 
acfe material, such as a formabis Ngh-efrength tow* 
aloy or dual phase steel grade, which also provides 
flexfc»ytotietube61 in circumferential drecton dur- 
ing the untokSng procedure. After t* unfokfing proce- 

90 dure a curing agent may be pumped into the interior 65 
of the effiptfcaJ lutUa 61 A to reinforce the fcixie 61 A. 
The interior 65 of the tubule 61 may comprise electrical 
ancVor hydrauBc conduits for transmission of electric 
ancVor h^frauSc power andfor signals along tie length 

w of the lube. 

(0064] The emboolments of the deformabie tube 
shown in tie drawings provide a tube which can be 
deformed easily and which can be reeled on a reefing 
drum. The tube can be unreeled from the drum and 

so injected into an underground borehde or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed inside the borehole or otier cavfty by chang- 
ing tie tubular shape of one or more tubules in the wail 
ci ine uoe. ine owormaoon may aworve nanerang, 

55 untotfng or ce^detorrr tt tkx t of trie tubule w 

Claims 

1. A deformabie tube having a wall which Is at least 
40 partly formed by a number of tubules* wherein at 

least one tubule is at least party deformed in 
response to deformation of tie tube. 

2. The deformabie tube of ciaim 1, wherein the wal of 
45 tie tube is at least pstfry formed by a series of axial 

total es which each extend in a direction subetarv 
faJ ry paraM to a tongltucSnsi soda of tie tube such 
tiat upon a radial deformation of the tobe the axial 
tubules are at least party deformed. 

so 

3. The deformabie tube of cteim 1. wherein the wal of 
tie tube is at least party formed by a series of toroi- 
dal tubules which extend in a substantia^ circular 
drection around a longitudinal axis of tie tobe such 

65 that upon axial deformation of the tube tie toroidal 
tubules are at least party deformed. 

4. The deformabie tube of daim 1 , wherein the wal of 
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the tUbe is at least partly formed by one or more 
heScaJ tubule* which extend in a substajitiafty heC- 
cal direction with respect to a tongrtudinai axis of 
the tube such that upon deformation of tt>e tube in a 
direction which is oriented at an angle relative to a 5 
longfojdnaJ cfrection of each of the helical tubules, 
at least one of the helical tubules to at least partly 
deformed. 

5. The detonrable tube of daimt. wherein the wallof to 
the tube to at least partly formed by a number of 
substantially parallel tubules which are arranged 
side by side and are connected to each other. 

6. The defarmaUe tube of claim 67 wherein the iff 
tubules em made of metal and the stiesdapeJrof 
aCQacent SJbuJee substantially touch each other and 
are sintered, welded, spot wetted, brare* bended. 

or otherwise secured to each other. 

» 

7. The Ariormatte Ube of daim 5, wherein the 
tubules are made of a plastic or efastomeric mate- 
ria! or a fabric and the sides of acjacent tubules 
substantia^ touch each other and are bonded to 
each other. zs 

8. The detormabie tube of daim 1, wherein before 
deformation of the tube the tubiies have a substan- 
tieiy cylindrical shape end deform Into a subctan- 
tiafy elGpe'cal or flattened shape m response to » 
deformation of the tube. 

9. The detormabie tube of daim 1. wherein before 
deformation of the tube the tubules have a substan- 
ealy prismatic shape and deform into a substarv as 
taay flattened shape In response to delonr«tion of 
the tube. 

10. The detormabie tube of daim 1. wherein the 
tubules contain at the outer periphery of the tube 40 
openings or week spots which open up as a result 

of the deformation process such that one or more 
fluids are squeezed from tha interior of the tubules 
into fie space surrounding the tube. 

45 

11. Trie defevrnebie tube of dean 10, wherein the fluids 
that are squeezed from the Interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a liquid cement slurry, cofrponet * of a 
curing agent or a chemical reatment f Ud so 
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